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1 2 

METHOD AND SYSTEM FOR DATA terminal, a reception terminal, a route, and use bandwidth 

TRANSMISSION ACCORDANCE WITH THE variation with time of each data transmission in the conven- 

FORM OF THE DATA TRANSMISSION tional networks. The information is predicted statistically or 

BASED ON CONTROL INFORMATION in probability. 

EXCHANGED BETWEEN APPLICATIONS OF 5 Applications involving data transmission on the network 

A DATA TRANSMITTER AND A DATA generally operate separately and execute data transmission 

RECEIVER BEFORE DATA TRANSMISSION independently of the data transmission conditions of other 

IS STARTED applications. Thus, the data transmission attempts are inde- 
pendent of each other and are controlled plurally at their 

FIELD OF THE INVENTION lo respective transmission ends. 

This invention relates to a data transmission system and ^^7]^^ attention to one data transmission in such 

method for performing contention control on data transmis- conditions, the bandwidth R(t) that can be used m the 

sion attempts when a plurality of terminals transmit data at transmission changes with time because of tradeoffs with the 

an arbitrary time point via a shared network. bandwidth use conditions of other data transmission 

15 attempts. However, at the transmission end of the data 

DESCRIPTION OF THE RELATED ART transmission, the bandwidth use conditions of other data 

[Transmission Bandwidth Contention] transmission attempts cannot be grasped, and other data 

When a plurality of terminals execute data transmission at transmission attempts are controlled separately at their 

an arbitrary time point on a single network, transmission respective transmission ends. 

bandwidth contention may occur among data transmission 20 Thus, at the transmission end of the data transmission, the 
attempts. First, this point will be discussed with reference to bandwidth use conditions of other data transmission 
FIG. 2. attempts must be predicted to control the bandwidth use 
— In general, a network consists of a plurality of transmis- amount of the data transmission. If the prediction is 
sion media. A plurality of terminals are connected to the erroneous, the total of the bandwidth use amounts of data 
network and data transmission is executed among the ter- 25 transmission attempts sharing the same transmission 
1 minals via transmission media making up the network. The medium, 2r(t), may sometimes exceed the maximum trans- 
transmission bandwidth is represented by the transmission mission bandwidth of the transmission medium, Rmax. 
Idatal amount per unit time. The transmission capability of a Such contention lowers the bandwidth use eflSciency and 
transmission medium has a limit and the maximum trans- should be avoided. TTiat is, if a bandwidth required for 
mission bandwidth Rmax is a certain finite value. 30 transmission is not obtained because of bandwidth 
^fiie bandwidth of a transmission medium is shared by a contention, data to be transmitted is lost. Generally, if data 
plurality of data transmission attempts, and in each data is lost, it is resent, whereby the effective bandwidth use 
transmission a bandwidth is used in accordance with the efficiency (i.e., (data amount resulting in success in 
transmission data amount per unit time. The bandwidth use transmission)/(bandwidth amount used for transmission)) 
amount in each data transmission, r(t), changes with time. 35 lowers. To suppress contention and efficiently use the maxi- 

If the total of the bandwidth use amounts of data trans- mum transmission bandwidth of each transmission medium 
mission attempts sharing the bandwidth of the same trans- limited, it is necessary to equally control the current band- 
mission medium, 2r(t), is greater than the maximum trans- width R(t) that can be used for data transmission and the 
mission bandwidth of the transmission medium, Rmax, the bandwidth r(t) used by the data transmission at the sending 
data transmission attempts contend with each other for the 40 end of the data transmission, 
shared bandwidth. This is called contention. [Conventional Contention Avoidance Schemes] 

The contention occurs for the following reasons. The Next, contention avoidance schemes in the conventional 

nucleusof data transmission is applications operating on the transmission technologies will be discussed. To share a 

terminals connected to the network. Generally, a plurality of single transmission medium for executing a plurality of data 

applications operate on each terminal. Of course, a plurality 45 transmission attempts, switching technologies for allocating 

of applications operate when viewed from the entire net- bandv/idths among the data transmission attempts. The 

work. The data transmission conditions of each application switching technologies are roughly classified into packet 

are characterized by the start time, the end time, a transmis- switching and circuit switching, 

sion terminal, a reception terminal, a route, and use band- (1) Packet Switching 

width variation with time. Some applications involving data 50 -^-- -'-^-^ 



transmission have the data transmission conditions that 
cannot be predicted, such as telnet with human being's 
interaction as a transmission data source. 

On the other hand, general data transmission is realized by 
a functional layered structure typified by the ISO 7-layer 55 
reference model. In the general conventional networks, 
applications operating on the networks are undefined and in 



Data is divided into small units called packets for trans- 
ission. A bandwidth is allocated to a packet each time 
arriving at each transmission medium on the transmission 



route of the packet. This means that the bandwidth of each 
transmission medium is dynamically allocated in packet 
units among the data transmission attempts sharing the 
bandwidth at each point in time in the packet switching. 
(2)Jcircuit Switching 

the functional layer of data transmission control, control Before data transmission, a bandwidth required for the 
cannot be performed based on information that can be transmission is previously allocated at each transmission 
obtained only in a specific application. That is, when viewed 60 medium on the route of the data transmission. This is called 
from the side of a transmission medium which is a functional line connection. In contrast, releasing the bandwidth allo- 
layer lower than the application layer, the data transmission cated at each transmission medium on the route is called line 
conditions from each application sharing the transmission disconnection. Since the bandwidth at each transmission 
medium for executing data transmission are all handled as medium on the route of the data transm^ission is occupied 
information that cannot be acquired. 65 during the period between the line connection and 

Thus, it is impossible to grasp all the data transmission disconnection, the bandwidth that can be used for the 
conditions such as the start time, the end time, a transmission transmission, R(t), becomes constant. This means that the 
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bandwidth of each transmission medium is allocated com- 
paratively statically in line units among the data transmis- 
sion attempts sharing the bandwidth. 

The control schemes to avoid bandwidth contention in the 
respective switching schemes correspond to the following 
items that are described in terms of control. 

(1) Variable Value Control 

A controlled variable (i.e., a bandwidth amount used for 
transmission at time t, r(t)) is manipulated for a changing 
target value (i.e., a bandwidth amount that can be used for 
transmission at time t, R(t)) and control is performed so that 
the difference |R(t)-r(t)| becomes zero. 

(2) Constant Value Control 

A controlled variable r(t) is manipulated for a constant 
target value Rconst and control is performed so that the 
difference |Rconst-r(t)| becomes zero. Control accuracy can 
be easily enhanced. 

The conventional technologies have the following fea- 
tures. 

(1) Packet Switching 

Since a bandwidth is dynamically allocated to transmis- 
sion actually using a transmission medium bandwidth, the 
maximum transmission band>vidth of the transmission 
medium, Rmax, can be used without waste. On the other 
hand, however, variable value control of the use bandwidth 
needs to be performed and at the time, excess or shortage 
may occur in manipulation of the controlled variable, as 
shown in FIG. 3. 

i) R(t)-r(t)<0 (Cont rolled Variable is too Lar ge) 

^A-transmissiCm'bandwidth c ontenti on occurs. Generajly, 

^ata is buffercd^before.and.af ter a traj snai ssion^m ediurn for 
averaging-the-bandwidth^ us e amou nt relative to the tinae, 
thereby absorbing the t6o~raTge_controlled_variable. 
However, buffer contention may also occur like bandwidth 
contention. If the buffer length is sufiBcienlly long, buffering 
causes a data transmission delay to increase. Generally, the 
data transmission delay increases with an increase in band- 
width contention and data transmission delay variations also 
enlarge accordingly. 

ii) R(t)-r(t)>0 (Controlled Variable is too Small) 

A bandwidth not used for transmission occurs- and the 
bandwidth use efficiency lowers. 

(2) Circuit Switching 

When a line is connected, a bandwidth required for 
transmission needs to be previously allocated in each trans- 
mission medium on the route for the line connection. The 
time required for the bandwidth allocation, namely, a line 
connection delay (see FIG. 4) is undefined. If a line con- 
nection cannot be established within a given time on general 
telephone lines, etc., a call loss (line connection failure) 
occurs and again an attempt is made to establish a line 
connection. However, once the line is connected, a band- 
width is guaranteed for the line and highly accurate con- 
trolled variable manipulation is enabled under constant 
value control. 

However, one transmission occupies the bandwidth dur- 
ing the line connection and if a bandwidth not actually used 
exists, it cannot be used for another transmission. Thus, the 
bandwidth use efficiency lowers. 
[Limitations of Conventional Schemes] 

The conventional schemes have the following limitations. 
(1) Packet Switching 

As described earlier, hitherto it has been impossible to 
predict target value change for performing variable value 
control of a use bandwidth. Thus, in the packet switching, 
feedback control (also called closed loop control) must be 
performed, as shown in FIG. 5. In the feedback control, the 



difference between a target value and a controlled variable 
at an observation point is observed and is remmed to a 
control point as feedback information. At the control point, 
the controlled variable is manipulated based on the feedback 
5 information. The variable value control of a use bandwidth 
using feedback is roughly classified into the following two 
types depending on the feedback information observation 
point. 

a. Type wherein the use conditions of a shared bandwidth are 
10 observed in transmission media sharing the bandwidth and 

the observation result is fed back to the transmission end 
pThe CSMA/CD scheme in Ethernet, the CI scheme using 
rm cells in ATM-ABR service, the ER scheme, and the like 
are available as typical technologies actually applied. 
15 GS MA/CD: Carrier Sense Multiple Access with Collision 
I Detection 

j^TM: Asynchronous Transfer Mode 
^R: Available Bit Rate 
rm: Resource management 
20 CI: Congestion Indication 
ER: Explicit Rate 

b. Type wherein a data loss is detected at the data reception 
end and the detection result is fed back to the data trans- 
mission end at which the data loss is assumed to result from 

25 bandwidth contention 

j ITie Slow Start scheme in TCP is a typical technology 
actually applied. 

TC]^ Transmission Control Protocol 
a-1. CSMA/CD Scheme 

30 I Ethernet is a passive physical transmission medium of bus 
type and enables single packets, called frames in Ethernet, to 
Be transmitted at the same time, thus performs distributed 
contention control at each transmission end in frame units, 
j At the frame transmission end, a carrier signal on the 

35 transmission medium is sensed and the transmission condi- 
tionsjof another frame are sensed. If another frame exists on 
the transmission medium, the frame at the transmission end 
is transmitted. If a plurality of terminals then send a frame 
at the same time, a frame collision occurs. 

40 I If a frame collision is detected at each transmission end, 
the sending is interrupted and a period over which the 
collision probability is expected to be small is determined 
according to a Binary Exponential Backoff algorithm. Then, 
again the frame sending is tried. 

45 a^27-^a Scheme with rm Cells (ATM-ABR) 

The ATM uses an active full-duplex (simultaneous com- 
munication in both directions) transmission medium called 
a packet (called cell in the ATM) exchange. A cell exchange 
temporarily buffers cells transmitted from terminals and 

50 SAvitches them into the routes to their respective destinations. 
Thtis, the transmission bandwidth use amount can be con- 
trolled, by handling the cell sending intervals at the trans- 
mission ends. 

In the ATM, a transmission bandwidth contention (called 
55 congestion in the ATM) in switching in the exchange and at 
cell switching destinations can occur. 

An rm cell is sent at constant intervals from each trans- 
mission end via an exchange on the data transmission route 
to the reception end, then is returned to the transmission end. 
60 In the CI scheme, if congestion is sensed in an exchange 
on the data transmission route, then the current rm cell 
passing through the switching scheme is used to notify the 
transmission terminal that congestion has occurred. At the 
transmission end, when the congestion occurrence notifica- 
65 tion is received from the nn cell, the use bandwidth is 
reduced to the bandwidth use amount in which the conges- 
tion can be expected to be avoided in probability and when 
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the congestion notification with the nn cell is canceled, the 
use amount is increased gradually. 

To execute data transmission after stop over a certain 
period, the bandwidth use amount is also increased gradu- 
ally from the bandwidth use amount in which it is expected 
that no congestion is caused to occur 
a-3. ER Scheme with rm Cells (ATM-ABR) 

In the ER scheme, if congestion is sensed in an exchange 
on the data transmission route, then the current rm cell 
passing through the exchange is used to send the bandwidth 
use amount in which the congestion can be expected to be 
avoided, from the exchange to the transmission end. At the 
transmission end, when the use bandwidth specification is 
received from the rm cell, the use bandwidth is handled 
based on the specification. 
b-1. Slow Start Scheme (TCP) 

The TCP is a transport protocol for guaranteeing the 
rehability of data transmission. In the standard TCP, a data 
reception terminal only notifies the transmission end of data 
reception. A data loss is detected indirectly by the fact that 
the data reception notification from the reception terminal 
times out. If a data loss is detected at the data transmission 
end, the lost data is resent to the reception end. 

In the Slow Start scheme, if a data loss is detected at the 
data transmission end, it is assumed to have resulted from a 
bandwidth contention, and the data sending intervals are 
adjusted. 

Specifically, first, data is consecutively sent only in one 
packet. If reception of the data is acknowledged, next two 
packets of data are sent consecutively. Thus, whenever each 
packet reception is acknowledged, the number of packets 
sent consecutively is incremented by one. 

To eliminate a variable value control error, the feedback 
control needs to directly observe a target value and precisely 
feed back the difference between the target value and a 
controlled variable, as shown in a-3. ER scheme with rm 
cells (ATM-ABR). 

However, in the actual control system, distance L exists 
between a control point and an observation point and 
transfer of feedback information between the control and 
observation points involves a delay of At«(distance L)/(light 
speed c) at the minimum. This means that the controlled 
variable observed at the observation point at time t is the 
controlled variable r (t-At) manipulated at the control point 
at time t-At and that the feedback information used to 
determine the controlled variable is an observation value 2At 
before. 

Therefore, even if the actual feedback control system 
executes precise feedback, At=^ does not result, thus precise 
variable value control, namely, |R(t)-r(t-At)|=sO is never 
attained. 

(2) Circuit Switching 

As described earlier, in the circuit switching, the line 
connection time for previously allocating a bandwidth 
required for transmission is undefined in each transmission 
medium on the route for the line connection. 

A similar discussion on the variable value control in the 
packet switching is applied to this problem. 

This means that in the packet switching, a transmission 
bandwidth contention occurs in packet units and data is lost. 
In contrast, in the circuit switching, a contention occurs in 
line (call) units, resulting in a call loss. The packet switching 
and the circuit switching differ only in contention occur- 
rence unit size (packet or line) and involve the same essence 
of the problem. 

In conclusion, the following problems are inevitable in 
the conventional packet switching: 



1. The longer the transmission route distance, the wider is 
a variable value control error and as the transmission band- 
width use amount approaches the maximum transmission 
bandwidth, conditions for absorbing a variable value control 

5 error become stricter. 

2. Thus, a data loss probability and a data transmission 
delay grow. 

3. Resultanlly, the bandwidth use efficiency lowers and 
the data transmission time increases. Data transmission time 

10 variations also grow and it becomes difficult to predict the 
end time of data transmission. 

The following problems are inevitable in the conventional 
circuit switching: 

1. As the number of transmission media on a transmission 
15 line increases and the transmission bandwidth use amount 

approaches the maximum transmission bandwidth, it 
becomes more difficult to allocate a necessary bandwidth. 

2. TTius, a call loss probability and a line connection delay 
grow. 

20 3. Resultantly, the data transmission time increases. Line 
connection delay variations also grow and it becomes dif- 
ficult to predict the end time of data transmission. 

The causes, which are common to the packet switching 
and the circuit switching, of the above problems are as 

25 follows: 

1. It is impossible to grasp all the data transmission 
conditions such as the start time, the end time, a transmission 
terminal, a reception terminal, a route, and use bandwidth 
change of each data transmission and these information 

30 pieces can be predicted only statistically or in probability, 
and that 

2. Data transmission attempts are independent of each 
other and are controlled plurally at their respective trans- 
mission ends. 

35 Therefore, in every switching scheme in the conventional 
contention control, as the total of the transmission band- 
widths used by data transmission attempts approaches the 
maximum transmission bandwidth of the transmission 
medium shared by the data transmission attempts, namely, 

40 the transmission bandwidth load increases, the data trans- 
mission time per data transmission grows and it becomes 
more difficult to predict the end time of the data transmis- 
sion. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide data 
transmission technologies by which high bandwidth use 
efficiency and precise data transmission time prediction can 
be accomplished independently of a transmission bandwidth 
load. 

The basic approach to the end is described below: 

1. The transmission conditions of the start time, the end 
time, the transmission terminal, the reception terminal, the 
route, and use bandwidth change of each data transmission 
are grasped and are definitely known. 

2. Data transmission attempts are controlled in a unified 
manner. 

Plural control requires variable value control with the 
60 bandwidth use amount in each data transmission at a control 
point of each data transmission as a controlled variable and 
an available bandwidth changing every moment because of 
tradeoffs with the bandwidth use conditions of other data 
transmission attempts as a target value. 
65 In contrast, unified control applies to the bandwidth use 
conditions of all data transmission attempts. That is, focus- 
ing attention on the control point for performing the unified 
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control, constaal value control may be performed with the However, in applications of client-server type, such as a 

controlled variable as the bandwidth use amounts of all print service, all data transmission attempts center on the 

transmission attempts and the target value as the maximum server. Therefore, control information including the start 

transmission bandwidth of a transmission medium. times, the end times, the transmission terminals, the recep- 

In the constant value control, the target value does not s tion terminals, the routes, the transmission data amounts, 

change with time, so that precise control can be performed and use bandv^dth change of data transmission attempts 

independently of control information propagation delay At, centering on the server can be easily obtained at the server, 

a ?otc?'''^'°^ conditions must be satisfied to realize the ^o grasp the actual bandwidth use conditions of trans- 

approac • _ mission media making up a network, essentially it is nec- 

1. TTie bandwidth use conditions of data transmission ,o essary to observe the bandwidth use conditions at the 

attempts can be acquired precisely. locations of the transmission media. However, generally, it 

In conventional general networks, applications involving ^ ^npossible to observe and totalize the use conditions of all 

data transmission are undefined and mforma ion of the start transmission media making up the network at the same time, 

time, the end time, the transmission terminal, the reception „ ^ ^ . 

terminal, the route, use bandwidth change, etc., cannot .c . However, if the configuraUon and transmission capabili- 

completely be acquired of the transmission media in the network are grasped and 

However, focusing attention on such applications as file bandwidth use conditions of each data transmission 

transfer and a print service among applications involving ^^"'.^'^ bandwidth use conditions on 

data transmission, the whole of the data to be transmitted ^'^^ transmission medium m the network can be guessed, 
exists at the transmission end before data transmission is 20 ^' Transmitted data allows use bandwidth adjustment and 

started. The data transmission has the following features: can be controlled. 

1. Generally, the transmission data amount is known. If 1° conventional general networks, applications involving 
the data amount is not known, the data amount is finite and data transmission are undefined and all data transmission 
the transmission termination clearly exists. In such many requests made by applications are handled alike as promptly 
applications, control information of the transmission data 25 as possible. 

amount, etc., is exchanged between the transmission and However, applications of file transfer, a print service, etc. 

reception terminals before data transmission is started. among the applications involving data transmission have a 

Specific control information examples are given below, comparatively large allowable range of data transmission 

In a standard file transfer protocol ftp, when data trans- delay, thus the data transmission start time and termination 

mission is started, a notification of the data amount of the file 30 time can be adjusted. 

to be transferred is sent fi-om the data transmission end to the The amounts of data transmitted by the applications are 

data reception end. comparatively large and the bandwidth use condition change 

A control file UvSed by a print spooler of a UNIX operating span is long, thus control is also comparatively easy, 

system contains information such as the number of data files After consideration of the above approach and its imple- 

transmitted between printer spools for printing and the data mentation conditions, the following conclusion has been 

amount of each file. reached. If attention is paid to the data characteristics and the 

Further, in specification of ISO 10175: DPA (Document concentrated form of data transmission of client-server type 

Printing Application), print job details such as the data applications such as a print service, it is found that they 

amount, the number of pages, the data amount and format satisfy the requirements for providing unified transmission 

for each page, the number of output copies, and the output control based on definite bandwidth use conditions. Thus, in 

time limit of the document to be printed out can be indicated the network where data transmission attempts are mainly 

in the contents of print request information transmitted from executed by the applications satisfying those requirements, 

a client to a print server at the print-out time. contention avoidance can be realized by applying the unified 

Thus, the bandwidth use conditions of data transmission transmission control based on the definite bandwidth use 

can be derived based on such applicafion control informa- conditions. 

tion. For control information transmission in the applications 
1-2. A transmission route can be determined at the point and data transmission executed by applications not satisfy- 
in time at which control information is exchanged between ing the requirements, if the bandwidth use amount is suffi- 
the transmission and reception terminals before the data ciently small as compared with the bandwidth use amount in 
transmission is started. the data transmission applications satisfying the 
1-3. In such an application, transmission data ahready requirements, it can be allowed as an estimation error of the 
exists and use bandwidth change is not caused by prepara- bandwidth use conditions. 

tion of the data and can be made constant. For example, the bandwidth use amount of an interactive 
Therefore, if the data transmission applications sharing 55 application such as telnet generally used on the conventional 

the same transmission medium are limited to those having LAN can be sufiBciently ignored for an application such as 

the above-mentioned data transmission characteristics, the a high-speed print service of high-resolution color images 

use bandwidth conditions of all data transmission attempts for transmitting data of several ten megabytes a second over 

can be known precisely. several ten seconds. 

2. The conditions of data transmission attempts can be 60 The invention provides the following systems, devices, 
grasped in a unified manner. methods, and program products according to the above- 
In conventional general networks, applications involving mentioned approach. 

data transmission are undefined and it is impossible to grasp A first method is provided for transmitting data between 

the data transmission conditions in a unified manner. Thus, a data transmitter and a data receiver via a data transmission 
the data transmission conditions are controlled at the trans- 65 medium including generating characteristic information of 

mission end of each data transmission independently and data transmission from the data transmitter to the data 

plurally. receiver before execution of the data transmission, storing 
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observed current bandwidth use conditions of the data 
transmission medium, determining a detailed form of the 
data transmission based on the observed current bandwidth 
use conditions and the characteristic information of the data 
transmission and transmitting the data from the data trans- 
mitter in accordance with the detailed form of the data 
transmission. 

A second method for controlling a data transmission is 
provided including determining a detailed form of a data 
transmission from a data transmitter to a data receiver based 
on characteristic information of the data transmission and 
observed current bandwidth use conditions of the data 
transmission medium before execution of the data 
transmission, where the characteristic information of the 
data transmission contains an identifier of the data transmit- 
ter and a data amount of the data transmission, and further 
where the detailed form of the data transmission contains 
data transmission start time and a transmission bandwidth 
used, and informing the data transmitter of the detailed form 
of the data transmission. 

A third method for transmitting data in a data transmission 
system is provided including generating observed current 
bandwidth use conditions of a data transmission medium 
and other information necessary to determine a detailed 
form of data transmission, transmitting the observed current 
bandwidth use conditions and other information for deter- 
mining a detailed form of the data transmission, wherein the 
detailed form of the data transmission contains data trans- 
mission start time and a transmission bandwidth used, 
receiving a notification of the detailed form of the data 
transmission and transmitting data in accordance with the 
received detailed form of the data transmission. 

A method for receiving data in a data transmission system 
is provided including determining a detailed form of data 
transmission from a data transmitter to the data receiver 
based on characteristic information of the data transmission 
and observed current bandwidth use conditions of the data 
transmission medium before execution of the data transmis- 
sions where the characteristic information of the data trans- 
mission contains an identifier of the data transmitter and a 
data amount of the data transmission, and further where the 
detailed form of the data transmission contains data trans- 
mission start time and a transmission bandwidth used, and 
informing the data transmitter of the detailed form of the 
data transmission. 

Still another method of transmitting data over a data 
transmission system is provided including generating char- 
acteristic information of data transmission from a data 
transmitter to a data receiver before execution of the data 
transmission, where the characteristic information of the 
data transmission contains an identifier of the data transmit- 
ter and a data amount of the data transmission and trans- 
mitting the characteristic information of the data transmis- 
sion. The method further includes receiving at a controller 
the characteristic information of the data transmission, stor- 
ing current bandwidth use conditions of the data transmis- 
sion medium, determining a detailed form of the data 
transmission based on the current bandwidth use conditions 
and the characteristic information of the data transmission, 
where the detailed form of the data transmission contains 
data transmission start time and a transmission bandwidth 
used and transmitting information concerning the detailed 
form of the data transmission. The method still further 
includes receiving the information at a transmitter concern- 
ing the detailed form of the data transmission, transmitting 
data based on the information concerning the detailed form 
of the data transmission. 
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Another method of transmitting data over a data trans- 
mission system is provided including generating character- 
istic information at a transmitter of data transmission from 
the data transmitter to a data receiver before execution of the 

5 data transmission, where the characteristic information of 
the data transmission contains an identifier of the data 
transmitter and a data amount of the data transmission and 
transmitting the characteristic information of the data trans- 
mission. The method further includes receiving the charac- 
teristic information of the data transmission at a controller, 
storing observed current bandwidth use conditions of the 
data transmission medium, determining a detailed form of 
the data transmission based on the observed current band- 
width use conditions and the characteristic information of 
the data transmission, where the detailed form of the data 
transmission contains data transmission start time and a 
transmission bandwidth used, and transmitting information 
concerning the detailed form of the data transmission. The 
method still further includes receiving the information con- 
cerning the detailed form of the data transmission at the 
transmitter and transmitting data based on the information 
concerning the detailed form of the data transmission. 

A^computer-pro^;annrpjpductjforxon^ 
system"is-^lso^p^ided"which-includes-a~storage^medium 
th afcan be read b jTinpujjncaiis.of.the^cgnjpuTefsystenl^^ 
a^program-stored-on-the-storage-mediumpfor^using^the 
corn ^ter s ys tem to execu te daIa^transmi^ior rffofn~ Oata 
<;^ransmilter^toj) a data receiver via a data transmission 
rnedium, The program causing the computer system to 
execute the steps of: (V) :deterinin ing-a~detailed-form-of;data 
transmissioirffom"tfieliata transmitter to the data receiver' 
based on characteristic information concerning the data 
transmission and observed current bandwidth use conditions 
ofAhe data transmission medium before execution of the 
data transmission, where the characteristic information of 
the data transmission contains an identifier of the data 
transmitter and a data amount of the data transmission, 
where~tEe^etaiIea~form^f"the~data~transm contains 
data transmission start time and a transmission bandwidth 
used, and (2) informing the data transmitter of the detailed 
form of the data transmission. 

According to a first aspect of the invention, there is 
provided a data transmission system including a data 
transmitter, a data receiver, and a data transmission medium 

45 for transmitting data from the data transmitter to the data 
receiver, comprising means for generating characteristic 
information of data transmission from the data transmitter to 
the data receiver before execution of the data transmission; 
means for storing current bandwidth use conditions of the 

5Q data transmission medium; means for determining a detailed 
form of the data transmission based on the current band- 
width use conditions and the characteristic information of 
the data transmission; and means for transmitting the data 
from the data transmitter in accordance with the detailed 

55 form of the data transmission. 

The characteristic information of data transmission may 
be an identifier of the data transmitter and the data amount 
of the data transmission. The detailed form of the data 
transmission may be data transmission start time and a 

50 transmission bandwidth used. 

According to the above system, the bandwidth use con- 
ditions are acquired precisely, data transmission conditions 
are managed in a unified manner, and data communication 
is adjusted properly, whereby the bandwidth can be used 

65 efiSciently. 

In the above system, the characteristic information of data 
transmission may be generated based on the application 
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control information exchanged between an application of the 
data transmitter and an application of the data receiver. In 
this case, the application control information may be the data 
amount of a file to be transferred. 

According to a second aspect of the invention, a data 
transmission controller in a data transmission system further 
including a data transmitter, a data receiver, and a data 
transmission medium for transmitting data from the data 
transmitter to the data receiver, the data transmission con- 
troller comprising means for determining a detailed form of 
data transmission from the data transmitter to the data 
receiver based on characteristic information of the data 
transmission and current bandwidth use conditions of the 
data transmission medium before execution of the data 
transmission, wherein the characteristic information of the 
data transmission contains an identifier of the data transmit- 
ter and amount of data of the data transmission and further 
wherein the detailed form of the data transmission contains 
data transmission start time and a transmission bandwidth 
used; and means for informing the data transmitter of the 
detailed form of the data transmission. 

In a third aspect of the invention, there is provided a data 
transmitter in a data transmission system further including a 
data receiver and a data transmission medium for transmit- 
ting data from the data transmitter to the data receiver, the 
data transmitter comprising means for generating current 
bandwidth use conditions of the data transmission medium 
and other information necessary to determine a detailed 
form of data transmission, wherein the detailed form of the 
data transmission contains data transmission start time and 
a transmission bandwidth used; means for transmitting the 
current bandwidth use conditions and other information to 
means for determining a detailed form of the data transmis- 
sion; means for receiving a notification of the detailed form 
of the data transmission; and means for transmitting data in 
accordance with the received detailed form of the data 
transmission. 

In a fourth aspect of the invention, there is provided a data 
receiver in a data transmission system further including a 
data transmitter and a data transmission medium for trans- 
mitting data from the data transmitter to the data receiver, 
the data receiver comprising means for determining a 
detailed form of data transmission firom the data transmitter 
to the data receiver based on characteristic information of 
the data transmission and current bandwidth use conditions 
of the data transmission medium before execution of the 
data transmission; and means for informing the data trans- 
mitter of the detailed form of the data transmission. 

According to a fifth aspect of the invention, there is 
provided a data transmission system comprising a data 
transmitter, a data receiver, and a data transmission medium 
for transmitting data from the data transmitter to the data 
receiver, wherein the data receiver comprises means for 
generating characteristic information of data transmission 
from the data transmitter to the data receiver before execu- 
tion of the data transmission; means for storing current 
bandwidth use conditions of the data transmission medium; 
means for determining a detailed form of the data transmis- 
sion based on the current bandwidth use conditions and the 
characteristic information of the data transmission; and 
means for transmitting information concerning the detailed 
form of the data transmission; and the data transmitter 
comprises means for receiving the information concerning 
the detailed form of the data transmission; and means for 
causing the data transmitter to transmit data based on the 
information concerning the detailed form of the data trans- 
mission. 
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In the fifth aspect of the invention, the data transmitter 
may further comprise means for transmitting information 
concerning a characteristic change in the data transmission 
of the data transmitter, and the data receiver may further 

5 comprise means for receiving the information concerning 
characteristic change in the data transmission. 

According to a sixth aspect of the invention, there is 
provided a data transmission system comprising a data 
transmitter, a data receiver, and a data transmission medium 

jQ for transmitting data from the data transmitter to the data 
receiver, wherein the data transmitter comprises means for 
generating characteristic information of data transmission 
from the data transmitter to the data receiver before execu- 
tion of the data transmission; and means for transmitting the 

J 5 characteristic information of the data transmission; the data 
receiver comprises means for receiving the characteristic 
information of the data transmission; means for storing 
current bandwidth use conditions of the data transmission 
medium; means for determining a detailed form of the data 

20 transmission based on the current bandwidth use conditions 
and the characteristic information of the data transmission; 
and means for transmitting information concerning the 
detailed form of the data transmission; and the data trans- 
mitter further comprises means for receiving the information 

25 concerning the detailed form of the data transmission; and 
means for causing the data transmitter to transmit data based 
on the information concerning the detailed form of the data 
transmission. 

According to a seventh aspect of the invention, there is 
30 provided a data transmission system comprising a data 
transmitter, a data receiver, and a data transmission medium 
for transmitting data from the data transmitter to the data 
receiver, wherein the data receiver comprises means for 
receiving characteristic information of data transmission 
35 generated by an application of the data transmitter; means 
for storing current bandwidth use conditions of the data 
transmission medium; means for determining a detailed 
form of the data transmission based on the current band- 
width use conditions and the characteristic information of 
40 the data transmission; and means for transmitting informa- 
tion concerning the detailed form of the data transmission; 
and the data transmitter comprises means for receiving the 
information concerning the detailed form of the data trans- 
mission; and means for causing the data transmitter to 
45 transmit data based on the information concerning the 
detailed form of the data transmission. 

In the seventh aspect of the invention, the data receiver 
may further comprise means for transmitting the information 
concerning the detailed form of the data transmission to the 
50 application. 

According to an eighth aspect of the invention, there is 
provided a data transmission system comprising a data 
transmitter, a data receiver, a data transmission medium for 
transmitting data from the data transmitter to the data 
55 receiver, and a data transmission controller for controlling 
transmission of the data, wherein the data receiver comprises 
means, for generating characteristic information of data 
transmission from the data transmitter to the data receiver 
before execution of the data transmission; and means for 
60 transmitting the characteristic information of the data trans- 
mission; the data transmission controller comprises means 
for receiving the characteristic information of the data 
transmission; means for storing current bandwidth use con- 
ditions of the data transmission medium; means for de ter- 
es mining a detailed form of the data transmission based on the 
current bandwidth use conditions and the characteristic 
information of the data transmission; and means for trans- 
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mitting information concerning the detailed form of the data 
transmission; and the data transmitter comprises means for 
receiving the information concerning the detailed form of 
the data transmission; and means for causing the data 
transmitter to transmit data based on the information con- 
cerning the detailed form of the data transmission. 

In the eighth aspect of the invention, the data transmitter 
may further comprise means for transmitting information 
concerning a characteristic change in the data transmission 
of the data transmitter, and the data transmission controller 
may further comprise means for receiving the information 
concerning the characteristic change in the data transmis- 
sion. 

In the eighth aspect of the invention, the data receiver may 
further comprise means for transmitting information con- 
cerning a characteristic change in the data transmission of 
the data transmitter, and the data transmission controller 
may further comprise means for receiving the information 
concerning the characteristic change in the data transmis- 
sion. 

According to a ninth aspect of the invention, there is 
provided a data transmission system comprising a data 
transmitter, a data receiver, a data transmission medium for 
transmitting data from the data transmitter to the data 
receiver, and a data transmission controller for controlling 
transmission of the data, wherein the data transmitter com- 
prises means for generating characteristic information of 
data transmission from the data transmitter to the data 
receiver before execution of the data transmission; and 
means for transmitting the characteristic information of the 
data transmission; the data transmission controller com- 
prises means for receiving the characteristic information of 
the data transmission; means for storing current bandwidth 
use conditions of the data transmission medium; means for 
determining a detailed form of the data transmission based 
on the current bandwidth use conditions and the character- 
istic information of data transmission; and means for trans- 
mitting information concerning the detailed form of the data 
transmission; and the data transmitter further comprises 
means for receiving the information concerning the detailed 
form of the data transmission; and means for causing the 
data transmitter to transmit data based on the information 
concerning the detailed form of the data transmission. 

According to a tenth aspect of the invention, there is 
provided a data transmission system comprising a data 
transmitter, a data receiver, a data transmission medium for 
transmitting data from the data transmitter to the data 
receiver, and a data transmission controller for controlling 
transmission of the data, wherein the data transmission 
controller comprises means for receiving characteristic 
information of data transmission generated by an appUcation 
of the data transmitter; means for storing current bandwidth 
use conditions of the data transmission medium; means for 
determining a detailed form of the data transmission based 
on the current bandwidth use conditions and the character- 
istic information of the data transmission; and means for 
transmitting information concerning the detailed form of the 
data transmission; and the data transmitter comprises means 
for receiving the information concerning the detailed form 
of the data transmission; and means for causing the data 
transmitter to transmit data based on the information con- 
cerning the detailed fonn of the data transmission. 

In the tenth aspect of the invention, the data transmission 
controller may further comprise means for transmitting the 
information conceming the detailed form of the data trans- 
mission to the application. 
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In the tenth aspect of the invention, the data transmission 
system may comprise a plurality of data receivers. 

According to an eleventh aspect of the invention, there is 
provided a method for transmitting data from a data trans- 

5 mitter to a data receiver via a data transmission medium, 
comprising the steps of generating characteristic informa- 
tion of data transmission from the data transmitter to the data 
receiver before execution of the data transmission; storing 
current bandwidth use conditions of the data transmission 

10 medium; determining a detailed form of the data transmis- 
sion based on the current bandwidth use conditions and the 
characteristic information of the data transmission; and 
transmitting data from the data transmitter in accordance 
with the detailed form of the data transmission. 

15 According to a twelfth aspect of the invention, there is 
provided a computer program product for controlling a 
computer system, comprising a storage medium that can be 
read by input means of the computer system; and a program 
stored on the storage medium, for causing the computer 

20 system to execute data transmission from a data transmitter 
to a data receiver via a data transmission medium, the 
program causing the computer system to execute the steps of 
generating characteristic information of data transmission 
from the data transmitter to the data receiver before execu- 

25 tion of the data transmission; storing current bandwidth use 
conditions of the data transmission medium; determining a 
detailed form of the data transmission based on the current 
bandwidth use conditions and the characteristic information 
of the data transmission; and causing the data transmitter to 

30 transmit data in accordance with the detailed form of the 
data transmission. 

According to a thirteenth aspect of the invention, there is 
provided a computer program product for controlling a 
computer system, comprising a storage medium that can be 

35 read by input means of the computer system; and a program 
stored on the storage medium, for causing the computer 
system to execute data transmission from a data transmitter 
to a data receiver via a data transmission medium, the 
program causing the computer system to execute the steps of 

40 determining a detailed form of data transmission from the 
data transmitter to the data receiver based on characteristic 
information concerning the data transmission and current 
bandwidth use conditions of the data transmission medium 
before execution of the data transmission; and informing the 

45 data transmitter of the detailed form of the data transmission. 
According to a fourteenth aspect of the invention, there is 
provided a computer program product for controlling a 
computer system, comprising a storage medium that can be 
read by input means of the computer system; and a program 

50 stored on the storage medium, for causing the computer 
system to execute data transmission from a data transmitter 
to a data receiver via a data transmission medium, the 
program causing the computer system to execute the steps of 
generating current bandwidth use conditions of the data 

55 transmission medium and other information necessary to 
determine a detailed form of the data transmission; trans- 
mitting the current bandwidth use conditions and other 
information to allow determination of the detailed form of 
the data transmission; receiving a notification of the detailed 

60 form of the data transmission; and transmitting data in 
accordance with the detailed form of the data transmission. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram to show a first embodiment of 
65 the invention; 

FIG. 2 is an illustration to explain bandwidth contention 
occurring on conventional transmission media; 
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FIG. 3 is an illustration to explain bandwidth contention 
in conventional packet switching; 

FIG. 4 is an illustration to explain bandwidth contention 
in conventional circuit switching; 

FIG. 5 is an illustration to explain feedback control in 
conventional packet switching; 

FIG. 6 is an illustration to explain a data transmission 
environment to which the invention is applied; 

FIG. 7 is a diagram to explain the operation of the first 
embodiment of the invention; 

FIG. 8 is a diagram to explain the operation of the first 
embodiment of the invention; 

nG. 9 is a diagram to explain the operation of the first 
embodiment of the invention; 

FIG. 10 is a block diagram to show a configuration 
example of a data transfer control section 9 of the first 
embodiment; 

FIGS. 11(A)-11(D) are diagrams to show configuration 
examples of a use bandwidth change sensing section 93 of 20 
the data transfer control section 9 in FIG. 10; 

FIG. 12 is a block diagram to show a second embodiment 
of the invention; 

FIG. 13 is a block diagram to show a third embodiment 
of the invention; 

FIG. 14 is a block diagram to show a fourth embodiment 
of the invention; 

FIG. 15 is a block diagram to show a fifth embodiment of 
the invention; 

FIG. 16 is a block diagram to show a sixth embodiment 
of the invention; 

FIG. 17 is a block diagram to show a seventh embodiment 
of the invention; 

FIG. 18 is a block diagram to show an eighth embodiment 
of the invention; 

FIG. 19 is a block diagram to show a ninth embodiment 
of the invention; 

FIG. 20 is a block diagram to show a tenth embodiment 
of the invention; and 

FIG. 21 is a block diagram to show an eleventh embodi- 
ment of the invention; and 

FIG, 22 is a flowchart outlining an exemplary operation of 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be hereinafter 
described with reference to the accompanying drawings. 

The idea for solving the problems in the invention is to 
previously know (define) the use conditions of the transmis- 
sion bandwidth about all data U-ansmission attempts sharing 
the transmission medium bandwidth and execute bandwidth 
allocation based on the whole bandwidth use conditions in 
a unified manner. That is, means having the following 
functions need to be added to the conventional data trans- 
mission configuration: 

1. Function of acquiring the bandwidth use conditions of 
data transmission attempts sharing the transmission medium 
bandwidth based on application control information. 

2. Function of collecting the bandwidth use conditions at 
one place, controlling the data transmission attempts in a 
unified manner based on- the whole information, and execut- 
ing proper bandwidth allocation. 

As shown in FIG. 6, components include data transmitters 
1 serving as data transmission stations in data transmission, 
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data receivers 2 serving as data reception stations, and a data 
transmission controller 3 for performing unified control of 
data transmission. 

One or more data transmitters 1 and one or more data 
receivers 2 generally exist for a transmission medium 4 
shared in a plurality of data transmission attempts. Only one 
data transmission controller 3 exists for the transmission 
medium shared in a plurality of data transmission attempts. 
If only one data receiver 2 exists for the shared transmission 
medium, it can be used as the data transmission controller 3. 

Embodiment 1 

FIG. 1 shows a first embodiment of the invention. ITie 
first embodiment is a basic form of the invention. 

In FIG. 1, the data transmitter 1 transfers data to and from 
the data receiver 2 via the transmission medium 4 and serves 
as a data transmission station at the data transmission time. 
One or more data transmitters 1 exist for the transmission 
medium 4. The data transmitter 1 has a data transmission 
instruction reception section 5, a data transmission control 
section 6, and a data transmission section 7. The data 
transmission instruction reception section 5 receives data 
transmission instructions transmitted from the data receiver 
2. The data transmission control section 6 controls the 
start/termination and the bandwidth use amount of data 
transmission executed by the data transmission section 7 
according to the data transmission instructions received by 
the data transmission instruction reception section 5. The 
data transinission section 7 transmits data to the data 
receiver 2. 

The data receiver 2 transfers data to and from the data 
transmitter 1 via the transmission medium 4. At the data 
transmission time, the data receiver 2 serves as a data 
reception station and controls a bandwidth contention 
between data transmission attempts sharing the transmission 
medium 4. In the embodiment, only one data receiver 2 
exists for the shared transmission medium 4. 

The data receiver 2 has a data transmission control 
information acquisition section 8, a data transfer control 
section 9, a data transmission instruction transmission sec- 
tion 10, and a data reception section 11. The data transmis- 
sion control information acquisition section 8 acquires data 
transmission control information for data transmission based 
on application control information (illustrated later) 
exchanged between applications before the data transmis- 
sion is started. It also acquires data transmission control 
information (illustrated later) indicating request change for 
the data transmission based on application control informa- 
tion exchanged between applications during/after the data 
transmission. For example, if data transmission terminates, 
the data transmission control information acquisition section 
8 acquires the data transmission control information indi- 
cating the termination of the data transmission. 

The data transfer control section 9 determines the detailed 
form of data transmission, such as the point in time at which 
data transmission of the contents indicated in the data 
transmission control information is enabled and the trans- 
mission bandwidth that can be used for the data 
transmission, based on the data transmission control infor- 
mation obtained by the data transmission control informa- 
tion acquisition section 8 and the bandwidth use conditions 
of the current data transmission being executed, and uses the 
data transmission instruction transmission section 10 to 
transmit transmission instructions indicating the contents to 
the data transmitter 1. A configuration example of the data 
transfer control section 9 will be discussed in detail later 
with reference to FIG. 10. 
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The data transmissioa instruction transmission section 10 These information entries other than 1. Data transmitter 

transmits data transmission instructions to the data trans- identifier may not be explicit in the data transmission 

milter 1. The data reception section 11 receives data trans- information depending on the embodied configuration, 

mitted from the data transmitter 1. When data transmission instructions are determined based 

The transmission medium 4 may be any medium, such as 5 on the data transmission control information prepared by an 

a circuit switching network or a packet switching network. apphcaUon and the apphcation is notified of the resuh as 

. ^ . . shown m fiith and tenth embodiments discussed later, ii any 

-nie filoctional portions formmg the data transmitter 1, the above-mentioned conditions in the data transmission 

data receiver 2, the data transmission controUer 3 (in the first control information is not satisfied, the application is noti- 

embodiment, the data receiver 2 also serves as the data g^d of data transmission instructions indicating that the 

transmission controller 3), etc., may be made of hardware or transmission request of the contents shown in the transmis- 

software. sion control information cannot be accepted. In this case, no 

Next, specific application information examples as data transmission instruction is sent to the target transmitter, 

sources of the data transmission control information are If any of the transmission conditions requested by the 

shown below: application is not satisfied, the notified application can 

1. In a standard file transfer protocol ftp, when data cancel those transmi^ion conditions and make another 
transmission is started, a notification of the data amount of «ransm|ssion request by specrfying different timmg and 
the file to be transferred is sent from the data transmission Iransmjssion conditions, based on the data transmission 

. , mstructions. 

end to the data reception end. ^^^^^ ^^^^ ^^^^^ application prepares data 

2. A control file used by a print spooler of a UNIX 20 transmission control information and is notified of the 
operating system contains information such as the number of determination result of data transmission instructions based 
data files transmitted between printer spools for printing and j^e data transmission control information as shown in 
the data amount of each file. fifth and tenth embodiments discussed later, if any of the 

3. Specification of ISO 10175: DPA (Document Printing above-mentioned conditions shown in the data transmission 
Application), print job details such as the data amount, the 25 control information is not satisfied, the conditions are 
number of pages, the data amount and format for each page, ignored. 

the number of output copies, and the output time limit of the Next, the following pieces of information are explicitly 

document to be printed out can be indicated in the contents described in the transmission instructions: 

of print request infonnation transmitted from a client to a 1. Data Transmission Start Period 

print server at the print-out time. 30 Indicates the head time and end time of the period in 

Next, for example, the following information entries are which the data transmission should be started. To simply 

contained in the data transmission control information: give an immediate transmission start instruction, for 

1. Data Transmitter Identifier example, (head time)=p resent and (end time)=p resent or 
Generally indicates the data transmission station name. undefined are specified. If the transmission request of the 

2. Data Transmission Identifier 35 contents shown in the transmission control information 
Generally, a single data transmission station may execute cannot be accepted, for example, (head time)-imdefined or 

a plurality of data transmission attempts at the same time. At infinity is set. 

the time, the data transmission identifier identifies which 2, Data Transmission Identifier 

data transmission the data transmission information relates Identifies which data transmission the transmission 

to. 40 instructions are applied to. 

3. Certification of Validity of Data Transmission Information 3. Data Transmission Termination (Stop) Period 
Certifies that the data transmission information is valid. Indicates the head time and end time of the period in 

4. Data Transmission Route which the data transmission should be terminated (stopped). 
Generally indicates a mere data reception station name. To simply specify the transmission termination (stop) time 

Precisely, it indicates the identifier of the data transmission 4S limit, for example, (head time)=present or undefined and 

route to the data reception station or the identifier of the (end time)=(transmission termination (stop) time limit) are 

transmission medium used on the route. specified. To simply give an immediate transmission stop 

5. Transmission Data Amount instruction, for example, (head time)=prcsent or undefined 
Indicates the amount of data transmitted during one data and (end time)«p resent are specified. 

transmission. To indicate the termination of the data 50 4. Data Transmission Route 

transmission, for example, the transmission data amount is Indicates the route or transmission medium to be used for 

set to 0. data transmission or simply specifies the target reception 

6. Data Transmission Start Period terminal. . 

Indicates the top time and end time of the period in which 5. Transmission Data Amount 

the data transmission can be started, 55 Indicates the range of the amount of data whose trans- 

7. Data Transmission Termination Period mission is allowed by one set of transmission instructions. 
Indicates the top time and end time of the period in which 6. Use Transmission Bandwidth 

the data transmission should be terminated. Indicates the use bandwidth range. 

8. Request Range of Use Transmission Bandwidth These information entries other than 1. Data transmission 
Indicates the range of a use- bandwidth requested for the 60 start period may not be explicit in the transmission instruc- 

data transmission. lions depending on the embodied configuration. For 

9. Control Range of Use Transmission Bandwidth example, to apply the invention to Ethernet, 6. Use trans- 
Indicates the range of a use bandwidth that can be mission bandwidth is insignificant. 

manipulated at the data transmission station. Next, the operation of the first embodiment will be 

10. Priority of Data Transmission Bandwidth Allocation 65 discussed. 

Is used when order or priority specification among data FIG. 7 shows an outline of the operation, wherein the 

transmission attempts is enabled. following steps are executed: 
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1. The data transmitter 1 transmits application control transmission and goes to step 225. In step 225 , the data 
information to the data receiver 2 before data transmission transmission controller 3 notifies the data receiver 2 of the 
is started by an application. detailed form of the data transmission. Finally, in step 226, 

2. The data receiver 2 acquires data transmission control the data transmitter 1 transmits to the data receiver 2 the data 
information for the data trarismission based on the received 5 in accordance with the detailed form of the data transmis- 
application control information, then determines the point in s^qq 

time at which the data transmission of the contents of the pjcg 11(A)-11(D) show configuration examples of the 
data transmission control informaUon will be enabled and bandwidth change sensing section for sensing the ter- 

the transmission bandwidth that can be used for the data ^ij^^^ion of the current data transmission being executed 

transmission and returns transmission mstmctions indicating (bandwidth use amount change). 

the determination to the data transmitter 1. ^„ li^i *- r^»-p rrrr^ h/aw 

3. Upon reception of the transmission instructions from ^' Mo°^toring Da a Transmission (FIG. 11(A)) 
the data receiver 2, the data transmitter 1 executes data ^his configuraUon example uses a data transmission 
transmission in accordance with the instruction contents. '"""^^o^ ^^^'O" for monitonng the data transmission 

When the above operation is executed for a plurality of conditions m the transmission medium used on the route of 

data transmission attempts, a plurality of data transmission 15 the current data transmission bemg executed or m the 

operations are effected as shown in FIG. 8. In this case, the reception station to which data is transmitted by the data 

bandwidth allocation is controlled as shown in FIG. 9. transmission and sensing the termination of the data trans- 

^rhe data transfer control section 9 determines instructions mission. The example is furthermore classified into the^ 

for each data transmission based on the transmission request following according to the termination determination 

shown in the data transmission information, the bandwidth 20 method: 

use conditions of the current transmission being executed, 1-1. Sensing Based on Change in Bandwidth Use Conditions 

and the transmission capability of each transmission of Data Transmission 

medium used for the current transmission being executed. When a certain time has elapsed since data transmission 

FIG. 10 shows the detailed configuration of the data stopped bandwidth use, the data transmission is determined 

transfer control section 9. When sensing use bandwidth 25 to terminate. 

change of the current data transmission being executed, 1-2. Sensing Based 00 Transmitted Data Contents 
particularly, the transmission termination, the data transfer A code indicating the end of data is suflBxed to the data to 

control section 9 determines whether or not data transmis- be transmitted and when the code is sensed, the data 

sion waiting for execution at present can be started and transmission is determined to terminate, 

whether or not the instruction for the current data transmis- 30 2. Sensing with Timer (FIG. 11(B)) 
sion being executed needs to be changed, and for the data If the transmission data amount is previously known and 

transmission that can be started or for which the instruction the bandwidth use amount can be specified, the time 

is changed, sends data transmission instructions to the required for data transmission can be calculated. In this case, 

corresponding data transmitter 1. when a data transmission start instruction is given, the data 

In FIG, 10, the data transfer control section 9 consists of 35 transmission termination time is found and a timer is set. 

a data transmission condition holding section 91, a trans- This example uses a data transmission termination time 

mission medium configuration infomiation holding section calculation/timer setting section 98 and a timer 99 are used. 

92, a use bandwidth change sensing section 93, a data 3. Sensing Both with a Timer and by Monitoring Data 

transmission condition update section 94, a data transmis- Transmission (FIG. 11(C)) 

sion request update section 95, and a data transmission 40 If tKe"t^smission~data"amountis-previously and- 

request holding section 96. The data transmission condition (ihe'bandwidth use amount can be specified, the data trans^ 

update section 94 generates data transmission instructions mission termination time is predicted and a timer is set to the 

based on the data held in the data transmission condition time. When a certain time has elapsed since the data transr-^ 

holding section 91, the transmission medium configuration mission stopped band^adth use^afterihe timer^expired and 

information holding section 92, and the data transmission 45 the termination schedule time of the data transmission was ~ ^ 

request holding section 96, and sends the data transmission reached, the data transmission is determined to terminate.^ — J 

instructions to the data transmitter 1 through the data trans- Tliis example uses a data transmission termination time 

mission instruction transmission section 10. calculation/timer setting section 98, a timer 99, and-a'data 

FIG. 22 shows a flowchart outlining an exemplary opera- traiismissioD„mpnitor„section.lOO_are.used. ^ 

tion of the invention. As shown in FIG. 22, in step 220 the 50 4. Sensing According to Transmission Control Information 

data transmitter 1 generates characteristic information of the Indicating Data Transmission Termination or Decrease in 

data to be transmitted. The characteristic information may Request Value of Use Transmission Bandwidth (FIG, 11(D)) 
include the amount of data and application control informa- This example uses a use transmission bandwidth change/ 

tion e.g. the type of data for a particular application. transmission termination notification sensing section 

In step 221, the data transmitter 1 informs the data 55 according to transmission control information 101. If the 

transmission controller 3 that data needs to be transmitted transmission control information indicating the data 

and provides the characteristic information of the data as termination, for example, transmission amounl=0 is 

well as the transmitter identification. detected, the data transmission is determined to terminate. If 

Next, in step 222, the data transmission controller 3 the transmission control information indicating update of the 

measures the current bandwidth use conditions of the trans- 60 use transmission bandwidth request range in a direction of 

mission medium 4, and goes to step 223. In step 223, the decreasing the request bandwidth is detected, it is deter- 

data transmission controller 3 determines the detailed form mined that the use bandwidth of the data transmission has 

of the data transmission including the data transmission start decreased to the range. 

time and the transmission bandwidth allotted to the data to ^ . ^ 

...... Embodunent 2 

be transmitted. 65 

In step 224, the data transmission controller 3 notifies the A second embodiment of the invention will be discussed 

identified data transmitter 1 of the detailed form of the data with reference to FIG. 12. The second embodiment is 
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adapted to use a transmitter for notifying change in data 
transmission control information. Parts identical with or 
similar to those of the first embodiment will not be discussed 
again. 

FIG. 12 shows the configuration of the second embodi- 5 
menl of the invention. 

1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the First Embodiment) 
1-2. Data Transmission Control Section 6 

A data transmissioo control section 6 controls the start/ 
termination and bandwidth use amount of data transmission 
executed by a data transmission section 7 in accordance with 
data transmission instructions received by the data transmis- 
sion instruction reception section 5. If a request for data 
transmission changes, for example, the data transmission ■'^ 
terminates, the data transmission control section 6 uses a 
data transmission control information transmission section 
12 to transmit data transmission control information indi- 
cating the termination of the data transmission to a data 
receiver 2. 20 
1-3. Data Transmission Section 7 (Same as That of the First 
Embodiment) 

1- 4. Data Transmission Control Information Transmission 
Section 12 

If a request for data transmission changes, the data 25 
transmission control information transmission section 12 
transmits data transmission control information to the data 
receiver 2. 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Same as That of the First Embodiment) 

2-2. Data Transfer Control Section 9 

A data transfer control section 9 determines the point in 
time at which the data transmission of the contents of data 
transmission control information will be enabled and the 
transmission bandwidth that can be used for the data trans- 
mission based on the data transmission control information 
obtained by the data transmission control information acqui- 
sition section 8 and a data transmission control information 
reception section 13 and the bandwidth use conditions of the 
current data transmission being executed, and uses a data 40 
transmission instruction transmission section 10 to return 
transmission instructions indicating the determination to the 
associated data transmitter 1. 

2-3. Data Transmission Instruction Transmission Section 10 
(Same as That of the First Embodiment) 45 
2-4. Data Reception Section 11 (Same as That of the First 
Embodiment) 

2-5. Data Transmission Control Information Reception Sec- 
tion 13 

Receives data transmission control information transmit- 50 
ted from a data transmitter 1. 

Embodiment 3 

A third embodiment of the invention will be discussed 
with reference to FIG. 13. The third embodiment is adapted 55 
to use a data transmitter to get data transmission control 
information. Parts identical with or similar to those of the 
first embodiment will not be discussed again. 

FIG. 13 shows the configuration of the third embodiment 
of the invention. 60 
1. Data Transmitter 1 

1-1. Data Transmission Control Information Acquisition 
Section 14 

Acquires data transmission control information for data 
transmission based on application control information 65 
exchanged between applications before the data transmis- 
sion is started. 
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1-2. Data Transmission Control Information Transmission 
Section 15 

Transmits the data transmission control information 
obtained by the data transmission control information acqui- 
sition section 14 to a data receiver 2. 
1-3. Data Transmission Instruction Reception Section 5 
(Same as That of the First Embodiment) 
1-4. Data Transmission Control Section 6 (Same as That of 
the First Embodiment) 

1- 5. Data Transmission Section 7 (Same as That of the First 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Deleted From the First Embodiment) 

2-2. Data Transmission Control Information Reception Sec- 
tion 16 

Receives data transmission control information transmit- 
ted from a data transmitter 1. 
2-3. Data Transfer Control Section 9 

A data transfer control section 9 determines the point in 
time at which the data transmission of the contents of data 
transmission control information will be enabled and the 
transmission bandwidth that can be used for the data trans- 
mission based on the data transmission control information 
received by the data transmission control information recep- 
tion section 16 and the bandwidth use conditions of the 
current data transmission being executed, and uses a data 
transmission instruction transmission section 10 to return 
transmission instructions indicating the determination to the 
associated data transmitter 1. 

2-4. Data Transmission Instruction Transmission Section 10 

(Same as That of the First Embodiment) , 

2-5. Data Reception Section 11 (Same as That of the First 

Embodiment) 

Embodiment 4 

A fourth embodiment of the invention will be discussed 
with reference to FIG. 14. In the fourth embodiment, an 
application prepares data transmission control information. 
Parts identical with or similar to those of the first embodi- 
ment will not be discussed again. 

FIG. 14 shows the configuration of the fourth embodi- 
ment of the invention, 

1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the First Embodiment) 
1-2. Data Transmission Control Section 6 (Same as That of 
the First Embodiment) 

1- 3. Data Transmission Section 7 (Same as That of the First 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Deleted from the First Embodiment) 

2-2. Data Transmission Control Information Acceptance 
Section 17 

Accepts data transmission control information prepared 
explicitly by an application. 
2-3. Data Transfer Control Section 9 

A data transfer control section 9 determines the point in 
time at which the data transmission of the contents of data 
transmission control information will be enabled and the 
transmission bandwidth that can be used for the data trans- 
mission based on the data transmission control information 
accepted by the data transmission control information accep- 
tance section 17 and the bandwidth use conditions of the 
current data transmission toeing executed, and uses a data 
transmission instruction transmission section 10 to return 
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transmission instructions indicating the determination to the 
associated data transmitter 1. 

2-4. Data Transmission Instruction Transmission Section 10 

(Same as That of the First Embodiment) 

2-5. Data Reception Section 11 (Same as That of the First 

Embodiment) 

Embodiment 5 

A fifth embodiment of the invention will be discussed 
with reference to FIG. 15. In the fifth embodiment, an 
application prepares data transmission control information 
and is notified of the data transmission instruction determi- 
nation result based on the prepared data transmission control 
information. Farts identical with or similar to those of the 
first embodiment will not be discussed again. 

FIG. 15 shows the configuration of the fifth embodiment 
of the invention. 

1, Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the First Embodiment) 
1-2. Data Transmission Control Section 6 (Same as That of 
the First Embodiment) 

1- 3. Data Transmission Section 7 (Same as That of the First 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Deleted From the First Embodiment) 

2-2. Data Transmission Control Information Acceptance 
Section 17 

Accepts data transmission control information prepared 
explicitly by an application. 
2-3. Data Transfer Control Section 9 

A data transfer control section 9 determines the point in 
time at which the data transmission of the contents of data 
transmission control information will be enabled and the 
transmission bandwidth that can be used for the data trans- 
mission based on the data transmission control information 
accepted by the data transmission control information accep- 
tance section 17 and the bandwidth use conditions of the 
current data transmission being executed, and uses a data 
transmission instruction transmission section 10 to return 
transmission instructions indicating the determination to the 
associated data transmitter 1. 

2-4. Data Transmission Instruction Transmission Section 10 
(Same as That of the First Embodiment) 
2-5. Data Transmission Instruction NotiJBcation Section 18 
Sends a notification of the data transmission instruction 
determination result based on the data transmission control 
information prepared by a data transmission control appli- 
cation to the application. 

2-6 ■ Data Reception Section 11 (Same as That of the First 
Embodiment) 

Embodiment 6 

A sixth embodiment of the invention will be discussed 
with reference to FIG. 16. The sixth embodiment includes a 
plurality of data receivers. Parts identical with or similar to 
those of the first embodiment will not be discussed again. 

FIG. 16 shows the configuration of the sixth embodiment 
of the invention. 
1 . Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 

Receives data transmission instructions transmitted from 
a data transmission controller 3. 

1-2. Data Transmission Control Section 6 (Same as That of 
the First Embodiment) 



1- 3. Data Transmission Section 7 (Same as That of the First 
Embodiment) 

2. Data Receivers 2 

Data receivers share a transmission medium and transfer 
5 data to and from the data transmitters and serve as data 
reception stations at the data transmission time. One or more 
data receivers exist for a transmission medium. 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Same as That of the First Embodiment) 

10 2-2. Data Transmission Control Information Transmission 
Section 19 

Transmits data transmission control information obtained 
by the data transmission control information acquisition 
section 8 to the data transmission controller 3. 
15 2-3. Data Reception Section 11 (Same as That of the First 
Embodiment) 

2-4. Data Transfer Control Section 9 (Deleted From the First 
Embodiment) 

2- 5. Data Transmission Instruction Transmission Section 10 
20 (Deleted From the First Embodiment) 

3. Data Transmission Controller 3 

The data transmission controller 3 controls a bandwidth 
contention among the data transmission attempts sharing a 
transmission medium. Only one data transmission controller 
25 3 exists for the shared transmission medium. 

3- 1. Data Transmission Control Information Reception Sec- 
tion 20 

Receives data transmission control information transmit- 
ted from a data receiver 2. 

30 3-2. Data Transfer Control Section 21 

A data transfer control section 21 determines the point in 
lime at which the data transmission of the contents of data 
transmission control information will be enabled and the 
transmission bandwidth that can be used for the data traris- 

35 mission based on the data transmission control information 
received by the data transmission control information recep- 
tion section 20 and the bandwidth use conditions of the 
current data transmission being executed, and uses a data 
transmission instruction transmission section 22 to return 

40 transmission instructions indicating the determination to the 
associated data transmitter 1. The data transfer control 
section 21 has a similar configuration to that of the data 
transfer control section 9 in FIG. 10. However, if the 
configuration of a use bandwidth change sensing section is 

45 FIG. 11(A) or 11(C), the data transmission controller 3 needs 
to monitor a data flow on the medium. 
3 — ^3. Data Transmission Instruction Transmission Section 
22 

Transmits data transmission instructions to a data trans- 
50 mitter 1. 

Embodiment 7 

A seventh embodiment of the invention will be discussed 
with reference to FIG. 17. The seventh embodiment is 
55 adapted to use a data transmitter 1 for notifying change in 
data transmission control information if more than one data 
receiver exists. Parts identical with or similar to those of the 
sixth embodiment will not be discussed again. 

FIG. 17 shows the configuration of the seventh embodi- 
60 ment of the invention. 
1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the Sixth Embodiment) 
1-2. Data Transmission Control Section 6 
65 A data transmission control section 6 controls the start/ 
termination and bandwidth use amount of data transmission 
executed by a data transmission section 7 in accordance with 
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data transmission instructions received by the data transmis- 
sion instruction reception section 5. If a request for data 
transmission changes, for example, the data transmission 
terminates, the data transmission control section 6 uses a 
data transmission control information transmission section 
23 to transmit data transmission control information indi- 
cating the termination of the data transmission to a data 
transmission controller 3. 

1-3. Data Transmission Section 7 (Same as That of the Sixth 
Embodiment) 

1- 4. Data Transmission Control Information Transmission 
Section 23 

If a request for data transmission changes, the data 
transmission control information transmission section 12 
transmits data transmission control information to the data 
transmission controller 3. 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Same as That of the Sixth Embodiment) 

2-2. Data Transmission Control Information Transmission 
Section 19 (Same as That of the Sixth Embodiment) 

2- 3, Data Reception Section 11 (Same as That of the Sixth 
Embodiment) 

3. Data Transmission Controller 3 

3- 1. Data Transmission Control Infonmation Reception Sec- 
tion 20 

Receives data transmission control information transmit- 
ted from data receivers 2 and data transmitters 1. 
3-2. Data Transfer Control Section 21 (Same as That of the 
Sixth Embodiment) 

3-3. Data Transmission Instruction Transmission Section 22 
(Same as That of the Sixth Embodiment) 

Embodiment 8 

An eighth embodiment of the invention will be discussed 
with reference to FIG. 18. The eighth embodiment is adapted 
to use a data receiver 2 for notifying change in data 
transmission control information if more than one data 
receiver 2 exists. Parts identical with or similar to those of 
the sixth embodiment will not be discussed again. 

FIG. 18 shows the configuration of the eighth embodi- 
ment of the invention. 

1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the Sixth Embodiment) 
1-2. Data Transmission Control Section 6 (Same as That of 
the Sixth Embodiment) 

1- 3. Data Transmission Section 7 (Same as That of the Sixth 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Same as That of the Sixth Embodiment) 

2-2. Data Transmission Control Information Transmission 
Section 19 

A data transmission control information transmission sec- 
tion 19 transmits data U-ansmission control information 
obtained by the data transmission control information acqui- 
sition section 8 to a data transmission controller 3. If a 
request for data transmission changes, the data transmission 
control information transmission section 19 transmits data 
transmission control information to the data transmission 
controller 3, 

2-3. Data Reception Section 11 (Same as That of the Sixth 
Embodiment) 

2-4. Use Bandwidth Change Sensing Section 24 

A use bandwidth change sensing section 24 monitors data 
reception of the data reception section 11 and if a request for 
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data transmission changes, for example, the data transmis- 
sion terminates, uses the data transmission control informa- 
tion transmission section 19 to transmit data transmission 
control information indicating the termination of the data 
5 transmission to a data transmission controller 3. To sense the 
termination of the data transmission, as described with FIG. 
11(A) in the first embodiment, a code indicating the termi- 
nation sufSxed to data may be detected or the expiration of 
a given time interval since the data transmission stopped 
bandviddth use may be sensed. 
3. Data Transmission Controller 3 

3-1. Data Transmission Control Information Reception Sec- 
tion 20 

Receives data transmission control information transmit- 
ted from data receivers 2. 
^5 3-2, Data Transfer Control Section 21 (Same as That of the 
Sbcth Embodiment) 

3-3. Data Transmission Instruction Transmission Section 22 
(Same as That of the Sixth Embodiment) 

Embodiment 9 

A ninth embodiment of the invention will be discussed 
with reference to FIG. 19. The ninth embodiment is adapted 
to use a data transmitter 1 for getting data transmission 
control information if more than one data receiver 2 exists. 
25 Parts identical with or similar to those of the sixth embodi- 
ment will not be discussed again. 

FIG. 19 shows the configuration of the ninth embodiment 
of the invention. 

1. Data Transmitter 1 

30 1-1. Data Transmission Control Information Acquisition 
Section 25 

Gets data transmission control information for data trans- 
mission based on application control information exchanged 
between applications before the data transmission is started. 
35 1-2, Data Transmission Control Information Transmission 
Section 26 

Transmits the data transmission control information 
obtained by the data transmission control information acqui- 
sition section 25 to a data transmission controller 3. 

40 1-3. Data Transmission Instruction Reception Section 5 
(Same as That of the Sixth Embodiment) 
1-4. Data Transmission Control Section 6 

A data transmission control section 6 controls the start/ 
termination and bandwidth use amount of data transmission 

45 executed by a data transmission section 7 in accordance with 
data transmission instructions received by the data transmis- 
sion instruction reception section 5. If a request for data 
transmission changes, for example, the data transmission 
terminates, the data transmission control section 6 uses the 

50 data transmission control information transmission section 
26 to transmit data transmission control information indi- 
cating the termination of the data transmission to the data 
transmission controller 3. 

1- 5. Data Transmission Section 7 (Same as That of the Sixth 
55 Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Same as That of the Sixth Embodiment) 

2-2. Data Transmission Control Information Transmission 
60 Section 19 (Deleted From the Sixth Embodiment) 

2- 3. Data Reception Section 11 (Same as That of the Sixth 
Embodiment) 

3. Data Transmission Controller 3 

3- 1. Data Transmission Control Information Reception Sec- 
65 tion 20 

Receives data transmission control information transmit- 
ted from data transmitters 1. 
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3-2. Data Transfer CoDlrol Section 21 (Same as That of the 
Sixth Embodiment) 

3-3. Data Transmission Instruction Transmission Section 22 
(Same as That of the Sixth Embodiment) 

Embodiment 10 

A tenth embodiment of the invention will be discussed 
with reference to FIG. 20. The tenth embodiment assumes 
that applications prepare data transmission control informa- 
tion if more than one data receiver 2 exists. Parts identical 
with or similar to those of the sixth embodiment will not be 
discussed again. 

FIG, 20 shows the configuration of the tenth embodiment 
of the invention. 

1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the Sixth Embodiment) 
1-2. Data Transmission Control Section 6 (Same as That of 
the Sixth Embodiment) 

1- 3. Data Transmission Section 7 (Same as That of the Sixth 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Deleted From the Sixth Embodiment) 

2-2. Data Transmission Control Information Acceptance 
Section 27 

Accepts data transmission control information prepared 
explicitly by an application. 

2-3. Data Transmission Control Information Transmission 
Section 19 

Transmits data transmission control information accepted 
by the data transmission control information acceptance 
section 27 to a data transmission controller 3. 

2- 4. Data Reception Section 11 (Same as That of the Sixth 
Embodiment) 

3. Data Transmission Controller 3 

3- 1. Data Transmission Control Information Reception Sec- 
tion 20 (Same as That of the Sixth Embodiment) 

3-2. Data Transfer Control Section 21 (Same as That of the 
Sixth Embodiment) 

3 — 3. Data Transmission Instruction Transmission Section 
22 (Same as lliat of the Sixth Embodiment) 

Embodiment 11 

An eleventh embodiment of the invention will be dis- 
cussed with reference to FIG. 21. In the eleventh 
embodiment, an application prepares data transmission con- 
trol information and is notified of the data transmission 
insU^ction determination result based on the prepared data 
transmission control information if more than one data 
receiver 2 exists. Parts identical with or similar to those of 
the sixth embodiment will not be discussed again. 

FIG. 21 shows the configuration of the eleventh embodi- 
ment of the invention. 

1. Data Transmitter 1 

1-1. Data Transmission Instruction Reception Section 5 
(Same as That of the Sixth Embodiment) 
1-2. Data Transmission Control Section 6 (Same as That of 
the Sixth Embodiment) 

1- 3. Data Transmission Section 7 (Same as That of the Sixth 
Embodiment) 

2. Data Receiver 2 

2- 1. Data Transmission Control Information Acquisition 
Section 8 (Deleted From the Sixth Embodiment) 

2-2. Data Transmission Control Information Acceptance 
Section 27 
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Accepts data transmission control information prepared 
explicitly by an application. 

2-3. Data Transmission Control Information Transmission 
Section 19 

5 Transmits data transmission control information accepted 
by the data transmission control information acceptance 
section 27 to a data transmission controller 3. 
2-4. Instruction Reception Result Reception Section 28 
Receives the data transmission instruction determination 

10 result transmitted by the data transmission controller 3. 
2-5. Data Transmission Instruction Notification Section 29 
Sends a notification of the data transmission instruction 
determination result based on the data transmission control 
information prepared by a data transmission control appli- 

15 cation to the application. 

2- 6. Data Reception Section 11 (Same as That of the Sixth 
Embodiment) 

3. Data Transmission Controller 3 

3- 1. Data Transmission Control Information Reception Sec- 
20 tion 20 (Same as That of the Sixth Embodiment) 

3-2. Data Transfer Control Section 21 

Determines the point in time at which the data transmis- 
sion of the contents of data transmission control information 
will be enabled and the transmission bandwidth that can be 

25 used for the data transmission based on the data transmission 
control information received by the data transmission con- 
trol information reception section 20 and the bandwidth use 
conditions of the current data transmission being executed, 
and uses a data transmission instruction transmission section 

30 22 to return transmission instructions indicating the deter- 
mination to the associated data transmitter 1 and the asso- 
ciated data receiver 2. 

3-3. Data Transmission Instruction Transmission Section 22 
Transmits data transmission instructions to data transmit- 
35 ters 1 and data receivers 2. 

As we have discussed above, according to the invention, 
the bandwidth use conditions of a transmission medium are 
acquired and data transmission attempts are managed in a 
unified manner based on the bandwidth use conditions for 
40 avoiding a data transmission contention, whereby the effec- 
tive use of bandwidths can be made. 

In particular, this leads to a remarkable improvement in 
productivity by applying the invention to data transmission 
in a high-speed print service of high -resolution color 
45 images. 

That is, high-speed network technologies typified by the 
ATM enable data transmission of several tens of megabytes 
to 100 megabytes per second. On the other hand, demands 
for applications for executing data transmission on a net- 
50 work have also been extremely advanced and sophisticated, 
and may reach the performance limitations or more of data 
transmission via the network. 

In particular, the requirements for data transmission are 
extremely severe in very fast print service applications of 
55 high-resolution color images. 

A printer used in the very fast print service of high- 
resolution color images holds a mechanism having very 
large operation inertia, so that it can print out at very high 
speed during the stationary operation, but requires the lock- 
60 up time on the minute order from an operation stop state 
again to the stationary operation. Thus, in a very fast print 
service of high-resolution color images, it is essential to 
print out without a break to make the most of the original 
high productivity of the printer and it is desirable for print 
65 jobs to always queue. 

When a print job is transmitted to a printer server, it is 
once stored in a spool and after image processing of each 
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!is performed, print-out is executed. In a very fast print 
ce of high-resolution color images, the print required 
per page is short and constant as about one second. On 
ther hand, the data amount of each page printed out has 
le range of several tens of kilobytes to 100 megabytes 
>age and the time required for image processing of the 
also varies drastically from zero to several tens of 
scegnds per page. Thus, the processing time of each page 
needs to be averaged and matched with the printer output 
sgeed by scheduling the print-out start order among print 
j^Sand the image processing order of pages in a single print 

i^HKSIaleao3Eit5»fG3s«^eSl!l?^^ 
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^MSwever, in the conventional contention control tech- 
r^^pies in networks, as the total of the transmission band- 
widtfis used by data transmission attempts approaches the 
^^mum transmission bandwidth of the transmission 
medium shared by the data transmission attempts, namely, 
^^e transmission bandwidth load grows, the data trans- 
migion time per data transmission increases and it becomes 
. difficult to predict the termination time. Thus, in the 
^&e-mentioned application examples, users must put up 
Elfi an increase in costs for avoiding a contention, such as 
firetwork multiplexing/leasing, or low productivity. 

In contrast, the contention control of the invention enables 
high bandwidth use efiBciency and precise data transmission 
time prediction independendy of the transmission band- 
width load. Therefore, in the above-mentioned application 
examples, it is also made possible to maintain high produc- 
tivity under the heavy-load transmission bandwidth use 
circumstances in which the conventional contention control 
would be applied to transmission scheduling. 

What is claimed is: 

1. A method of transmitting data over a data transmission 
system including a data transmitter, a data receiver, and a 
data transmission medium for transmitting data from said 
data transmitter to said data receiver, wherein: 
receiving comprises: 

generating characteristic information of data transmis- 
sion from said data transmitter to said data receiver 
before execution of the data transmission, wherein 
the characteristic information of the data transmis- 
sion contains an identifier of said data transmitter 
and a data amount of the data transmission; 
storing observed current bandwidth use conditions of 

said data transmission medium; 
determining a detailed form of the data transmission 
based on the observed current bandwidth use con- 
ditions and the characteristic information of the data 
transmission, wherein the detailed form of the data 
transmission contains data transmission start time 
and a transmission bandwidth used; and 
transmitting information concerning the detailed form 
of the data transmission; and 
transmitting comprises: 

receiving the information concerning the detailed form 

of the data transmission; and 
transmitting data based on the information concerning 
the detailed form of the data transmission. 



20 



25 



35 



45 



50 



55 



60 



2. The method as claimed in claim 1, wherein receiving 
further comprises sensing a change in the characteristic 
information of the data transmission. 

3. The method as claimed in claim 1, wherein transmitting 
further comprises transmitting information concerning a 
characteristic change in the data transmission of said 
transmitter, and wherein receiving further comprises receiv- 
ing the information concerning the characteristic change in 
the date transmission. 

4. A method of transmitting data over a data transmission 
system comprising a data transmitter, a data receiver, a data 
transmission medium for transmitting data from said data 
transmitter to said data receiver, and a data transmission 
controller for controlling transmission of the data, wherein 
receiving comprises: 

generating characteristic information of data transmission 
from said data transmitter to said data receiver before 
execution of the data transmission, wherein the char- 
acteristic information of the data transmission contains 
an identifier of said data transmitter and a data amount 
of the data transmission; and 

transmitting the characteristic information of the data 
transmission; 
controlling comprises: 

receiving the characteristic information of the data trans- 
mission; 

storing current bandwidth use conditions of said data 
transmission medium; 

determining a detailed form of the data transmission 
based on the current bandwidth use conditions and the 
characteristic information of the data transmission, 
wherein the detailed form of the data transmission 
contains data transmission start time and a transmission 
bandwidth used; and 

transmitting information concerning the detailed form of 
the data transmission; and 
transmitting comprises: 

receiving the information concerning the detailed form of 

the data transmission; and 
transmitting data based on the information concerning the 

detailed form of the data transmission. 

5. The method as claimed in claim 4, wherein receiving 
further comprises sensing a change in the characteristic 
information of the data transmission. 

6. The method as claimed in claim 4, wherein transmitting 
further comprises transmitting information concerning a 
characteristic change of the data transmission of said data 
transmitter, and wherein controlling further comprises 
receiving the information concerning the characteristic 
change of the data transmission. 

7. The method as claimed in claim 4, wherein receiving 
fiirther comprises transmitting information concerning a 
characteristic change in the data transmission of said data 
transmitter, and wherein controlling further comprises 
receiving the information concerning the characteristic 
change in the data transmission. 

8. The method as claimed in claim 7, wherein receiving 
further comprises sensing a change in the characteristic 
information of the data transmission being executed. 



04/15/2004, EAST Version: 1.4.1 



